experiment. Samples were centered between MgO filler pieces (±0.1mm) within a bored octahedron of 6 mm or 8 mm edge triangular faces to match the TEL cube faces, made with castable ceramic Aremco 584OF with integral stabilization fins (Fig. S1B ). LaCrO3 was used as heaters in MA experiments without insulation or barrier between the sample and the heater, and LaCrO3 end caps were used as electric leads for heating. Temperature was monitored with a PtPt90/Rh10 (type S) thermocouple junction imbedded within MgO powder at the base of our centered sample, the leads of which were encased in Mullite sleeves and passed through holes drilled in the fins of the ceramic octahedron to then pass between the tungsten carbide cubes. No overshoot strategy was necessary with the MA device. Calibrations on the coesite to stishovite phase transition at 1200°C were used to deduce the pressure for the force applied, giving 5% error in applied pressure for the MA device 2 . Force of 240, 350 and 250 tons were applied in the 4, 6 and 8 GPa experiments, respectively.
The expected temperature variation for each sample shown is within ±25°C around the target temperature of 1100°C for both pressure devices [1] [2] [3] . Our synthesis temperature was chosen to allow the glass to soften but not enough structural mobility to aid crystallization, and our hold time of 30 minutes was estimated to be long enough to allow the desired structural reorganization but not enough for crystallization. In previous molecular dynamics (MD) simulations that inspired this study, silica melt was quenched under various pressures to form densified glass without crystallization due to the very fast quench rates used 4 . For the PC apparatus, circulating water above and below the thermally massive pressure vessel cooled the sample from 1100°C to <300°C in ~15-20 s. At these laboratory timescales, previous work showed that silica glass quenched from 1-3 GPa after being held at 1200°C for 60 minutes in the PC device had a tendency to crystallize 5 . In this study, there was no crystallization issue when quenching from 1100°C in the pressure range of 1-4 GPa with the PC device, though at pressures of 4-8 GPa in the MA device we had peripheral crystallization of coesite as determined by Raman spectroscopy, though completely amorphous internal regions remained. Increased crystallization at higher pressures indicate an apparent reduction in Tg with pressure, though significant differences exist between the MA and PC devices. Even though the MA device was not water cooled, the smaller thermal mass of the sample assembly and thermally conductive WC cubes and ceramic pressure medium allow for cooling from 1100°C to <300°C in ~2 s. The depressurization routine of the MA apparatus was done over 6-10 hours to retain stability of the WC cubes, rather than several minutes for depressurization of the PC apparatus.
Retrieved samples showed dilatational fractures upon cold, uniaxial unloading from the PC apparatus, yielding several discs of ~0.6 mm in thickness. MA samples remained continuous but were sectioned for analysis. 
Difference between synthesis techniques.
One sample was quenched at 4 GPa in both PC and MA to determine the difference between these two techniques. The MA device yielded greater change in the structure and properties than the PC device at the same nominal pressure, resulting in higher refractive index and higher density increase at 4 GPa (Fig. S2 ). This may be partially due to quench rate difference between these two devices. In other words, the MA may lock in a higher density with a faster quench rate that the PC with a slower quench rate. Additional source of error for effective pressure experienced by the sample during quenching involves the pressure drop that accompanies rapid cooling. This effect was mitigated with the PC apparatus by adjusting the screw-pump which controls the hydraulic pressure on the piston while the temperature dropped. With this technique, pressure deviation during the quench process was isobaric within ~10% for the 19-mm assembly and ~5% for the 13-mm assembly. The maximum deviation occurred within the first few seconds following power termination, then pressure could be compensated for the remaining quench process. For the MA apparatus, the Aremco 584OF compound has been previously determined to remain < 200°C at the experiment temperature in this work (internal study). Small octahedron volume and insignificant temperature increase of the Aremco compound yield negligible thermal pressure effects due to thermal expansion and subsequent contraction upon power termination. Because of the unspecified effects at the sample due to differences in pressure delivery techniques, and differences in quenching and unloading times, the nominal calibration errors for intended pressure delivery define the error bars in this study. In the rest of our study, all data for the HC-4 GPa sample are from the one synthesized in the PC apparatus. 
Density of amorphous and crystalline silica.
Tan and Arndt conducted an extensive study on many densified silica glass samples; with over 100 samples tested they were able to determine quite well a linear relationship between refractive index and density, with a slope of 0.195 up to 16.5% densification 6 . Density of several crystalline phases of silica also fall onto the linear refractive index vs. density relationship as seen in Fig. S3 . This linear relationship was used to calculate the density of hot-compressed silica glass samples in this study. 
First sharp diffraction peak (FSDP).
Fig . S4 shows the position and the full width at half maximum (FWHM) of the first sharp diffraction peak (FSDP) as a function of quench pressure measured by X-ray diffraction at ambient conditions. . Calculated total X-ray structure factor for silica glass hot-compressed under 2, 4, 6 and 8 GPa, compared to that of pristine silica glass (0 GPa) in MD simulation.
Real space correlation.
Radial distribution function, G(r), is a one-dimensional function that oscillates around one showing positive peaks at distances from a reference atom where the local atomic density exceeds the average (Eq. S1-S2). For the G(r) of pristine silica glass, the following attributions are made: rSi-O=1.59 Å (Fig. S6B) , rO-O=2.60 Å (Fig. S6C) , rSi-Si=3.07 Å (Fig. S6D) , and rSi-O2=4.07 Å (Fig.  S6E) 7, 8 . The Si-O2 distance is from silicon to the second nearest oxygen, which was postulated initially by Bell and Dean 9 to contribute significantly to the FSDP.
It can be seen from Fig. S6 that all of the first several peaks show some shift in distances with the increase of quench pressure, including Si-O distance from 1.586 Å to 1.595 Å, a 0.57% increase (Fig. S6B) . Si-O bond lengthening of 0.43% has also been determined by electron spin resonance of silica glass with 24% density increase 10 .
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Based on the G(r) of hot-compressed samples, the maximum changes in atomic distances for the sample quenched under 8 8 , perhaps leading to the perceived Si-Si distance increase for the HC-8 GPa sample and the increased Si-O2 distance for the sample series studied here.
In the cold-compression, XRD studies have indicated an initial decrease in Si-O bond distance, then an increased distance with onset pressures of 9 < P < 28 GPa 11 , or P > 15 GPa 12 . This has been interpreted as an increase in Si coordination number. At 40-50 GPa the Si-O bond length is close to that of stishovite, an octahedrally coordinated high pressure silica polymorph [11] [12] [13] . Interestingly, no silica glass with 6-fold coordinated Si atoms has ever been recovered from high pressure experiments 14, 15 . The high temperature synthesis conditions in our study are unlikely to aid higher Si coordination states at lower pressures, since the transition between coesite and stishovite is displaced to higher pressures as temperature is increased 16 . Some silicate glasses of various compositions have been identified to retain 5 and 6-fold silicon atoms upon return from elevated pressures 15, 17, 18 , but 29 Si MAS NMR showed no coordination increase in SiO2 glass which was quenched from liquid at 6 GPa, with a detection limit of 0.3% 15 . By oxygen number density, even our glass of highest density increase (25%) is well within the expected range for tetrahedral coordination 19 . Total Si-O bond distance increase of 0.57% is small enough to rule out significant silicon coordination changes in our hot-compressed samples. Therefore, changes in the short-range order are excluded from contributing to the bulk behaviors of hot-compressed silica glass.
The G(r) intensity is seen to decrease between 5 and 9 Å (Fig. S6A ), but increase near 4 Å. Changes near 5 Å are pronounced when silica glass was compacted in the rigid state as reported by Mukai et al. 20 , but here the significant decrease is at 6.25 Å. With increased correlation near 4 Å and less correlation at 5 and 6.25 Å, it seems that the intermediate range order is not diminished but rather shifted to shorter distances in hot-compressed samples. 
Raman frequency shift.
With network forces dominating the vibration behaviors, the central force model (CFM) predicts that each tetrahedral mode gives way to a lower and a higher frequency bands. The isolated "A1" breathing mode of symmetric oxygen motion gives rise to one type of network vibration that is higher than the "F2" mode of asymmetric oxygen motion. Sarnthein et al. showed by firstprinciples density functional theory calculations that the high frequency Raman bands are driven by these tetrahedral molecular modes 21 . The 1050 cm -1 band is due to the F2 mode and the 1200 cm -1 band results from the A1 tetrahedral breathing mode, opposite in relative frequency from the isolated tetrahedral modes. However, the idealized tetrahedral motions are themselves lost, modified by the random network connectivity in silica glass. This is exemplified in the 1200 cm -1 Raman peak shift to lower frequencies by 10 cm -1 when 30 Si was substituted for 28 Si 22 , for which the isolated tetrahedra would show no shift in the A1 mode with immobile Si at the center. As the Si-O-Si angle decreases, symmetric and antisymmetric contributions converge in frequency, which is evidenced by the main band shifting to higher frequencies (Fig. S7A ) and the high frequency bands shifting toward lower values with the increase of quench pressure (Fig. S7B) 23 . Raman spectra of cold-compressed and hot-compressed silica glass with a similar densification (~14% density increase) are shown in Fig. S8. Fig. S8 . Raman spectrum of HC-3.5 GPa sample and CC-15 GPa sample (both with density increase of ~14%), measured at ambient conditions.
Ambient Elastic moduli.
Brillouin light scattering (BLS) measures the frequency shift of photons scattered by thermal excitations (phonons), which naturally exist in condensed matter at finite temperatures 24 and propagate at a velocity that is characteristic of the material. From the longitudinal ( L V ) and transverse ( T V ) sound velocities measured by BLS in the 'emulated platelet geometry' 25 , the elastic moduli including the Poisson's ratio can be determined:
where G=C44 is the shear modulus, C11 is the longitudinal modulus, E and K are the Young's modulus and bulk modulus, ν is Poisson's ratio, and ρ is the sample density. As seen in Fig. S9 , the Poisson's ratio increases with the density increase in both hot-compressed and coldcompressed samples 26 . A higher maximum value of Poisson's ratio of 0.252 was reported by Rouxel et al. for cold-compressed silica glass with 21.6% density increase 27 .
Fig. S9.
Poisson's ratio vs. density increase of silica glass from the cold-compression at room temperature 26 and the hot-compression at 1100°C in this work, measurements were done at ambient conditions.
Young's modulus and shear modulus are shown to increase more readily with the density increase up to ~20% (Fig. S10A-B) in the hot-compression than in the cold compression, as also seen for bulk modulus (Fig. 3B) . 26 and the hot-compression at 1100°C in this work, all measurements were done at ambient conditions.
Elastic response to pressure.
As shown in previous studies, silica glass can be permanently densified when compressed beyond the threshold of 8-9 GPa at ambient temperature [28] [29] [30] [31] . This behavior was reproduced in Fig.  S11A in our study. During compression, the longitudinal Brillouin frequency shift initially decreases with increasing pressure; it reaches a minimum near 2.5 GPa, and then increases through 15 GPa. The frequency shift during decompression is higher than that during compression over the entire pressure range from 0 to 15 GPa. The frequency shift in the recovered glass at ambient conditions increases by 12.5% with respect to pristine silica glass. The hysteresis during the compression-decompression cycle in pressure-quenched samples gradually diminishes with the increase of quench pressure as seen in Fig. S11B-D. In the HC-4 GPa sample, the minimum in the frequency shift remains noticeable in the compression and decompression paths, but the decompression path is reversible. For the HC-6 and HC-8 GPa samples, both the minimum in frequency shift and the hysteresis loop are completely vanquished, and they deform elastically to at least 20 and 26 GPa, respectively, which were the highest pressures tested. 
Fitting notes.
FSDP positions in Fig. S4A were determined by normalizing and isolating the peak from 0.5 to 1, fitting the peak to an asymmetric Gaussian function 32 . For the asymmetric Gaussian, a smoothly varying full width at half maximum (FWHM) function was used as described by Stancik and Brauns for fitting asymmetric infrared absorption spectra 32 . Fitting errors are within the symbol size. FWHM values in Fig. S4B were visually determined by magnifying the normalized spectra at 0.5 intensity, with 0.003 Å -1 per pixel resolution for errors within symbol size.
Si-O distances in Fig. S6B were determined by isolating normalized peak intensity from 0.5 to 1 and using a single Gaussian fit. O-O and Si-Si distances near 2.6 and 3.1 Å were fit with a double Gaussian function after a linear background subtraction between the minima near 2.2 and 3.4 Å. The Si-O2 peak near 4.1 Å was fit with an asymmetric Gaussian function 32 after a linear background subtraction between the minima near 3.4 and 4.5 Å. Error bars reflect the given fitting errors.
The normalized Raman spectra were isolated from 0.5 to 1 to reduce asymmetry, then the MB-D1 double peak was fit with an asymmetric Gaussian to describe the MB, and a symmetric Gaussian to describe D1 peak. MB and D1 peak positions were resolved from the doublet by this technique, and are represented in Fig. S7A . Error bars reflect the given fitting errors, which are within the symbol size. High frequency Raman peak positions in Fig. S7B were fit with Gaussian (~1060 cm -1 ) and asymmetric Gaussian (~1200 cm -1 ) functions. Fitting errors are also within the symbol size.
